Although it has been widely accepted that insertion into global production networks may play a critical role in fostering local supplier upgrading, scholars have yet to fully incorporate heterogeneous configurations of buyer-supplier relationships within networks into empirical testing. Using a representative sample of manufacturing firms in Thailand, we propose a more nuanced empirical framework that asks which features of buyer-supplier relationships are related to which aspects of local supplier upgrading. Our findings, derived from latent class analysis, show that the ways value chains are governed can exert varying effects on different types of technological upgrading. Being a multinational corporation (MNC) supplier was found to have positive effects on process and minor product upgrading, irrespective of the types of buyer-supplier networks. However, we found a more radical type of upgrading (i.e., the development of own brands) to be negatively related to insertion into 'quasi-hierarchical' or 'buyer-driven relationships', whilst involvement in 'cooperative networks' was associated with a significantly higher tendency of product and brand upgrading. Understanding this inherent relationality provides a crucial balance to previous firm-level findings, suggesting that the sustainability of participation in global value chains depends on the relational structures in which local manufacturers are embedded.
Introduction
Nothing defines the nature of globalization in the productive sphere more than a high degree of functional integration on a global scale. As a consequence, the sustainability of industrial strategies pursued by developing countries has increasingly relied on tangible and intangible resources flowing from a whole variety of interactions within global production networks (GPNs). Yet, perhaps surprisingly, there is a lack of consensus in the literature about whether the globalization of production is conducive to local supplier upgrading. Some argue that linkages with global lead firms essentially create new opportunities for technological upgrading on the part of indigenous manufacturers [1] . Still, others emphasize the distorting effects of GPNs on local capability building, such as a lock-in situation that prevents low-tier suppliers from moving to higher stages of production [2, 3] .
Such conflicting views may represent varied progress of technological upgrading among participating suppliers, with many of them still lagging behind despite a decades-long involvement in global value chains. A more nuanced view on this issue, therefore, suggests that it is not a firm's involvement in GPNs per se but the relational architectures wherein firms are embedded that shape the prospect of supplier upgrading in a host country [4] . In light of this, insertion in a GPN should not be conceived a priori as beneficial or harmful to the long-term competitiveness of supplier firms in a universal fashion. Instead, whether connections with global firms translates into local capability formation is inherently a relational process where the practice of asymmetric power relations determines the extent to which suppliers can gain access to international knowledge flows [5] .
Capturing this inherent relationality and its structural outcomes is essential for ensuring sustainable development of emerging economies in this era of globalization. It is thus unfortunate that, although much has been written on the role of global lead firms in fostering international knowledge diffusion, only a few studies have, until recently, explicitly examined how different network modes exert asymmetric impacts on the learning opportunities of local suppliers. Answering this question obviously requires an appropriate research design that makes explicit the causal links between network architectures and technological upgrading. Yet in the absence of available data in developing countries, studies deriving causal explanations from firm-level observations are relatively rare, and are based mostly on a small number of firms [6, 7] .
The purpose of this study is to examine whether, and under what conditions, insertion into GPNs impact the process of local supplier upgrading. More specifically, we aim to extend previous sector-level studies by providing a micro-level framework through which the relative gains and losses from insertion into GPNs can be assessed. Drawing from nationally representative firm-level data in Thailand, this article examines which modes of value chain governance are associated with which aspects of technological upgrading on the part of suppliers. Utilizing a statistical technique of latent class analysis, we identify the unobserved clusters of relationships in which suppliers interact with their global buyers. In turn, we conduct a set of logit regressions suggesting that insertion into a 'quasi-hierarchical' or 'buyer-driven manufacturing' governance contributes to the facilitation of less radical types of product and process upgrading, but also discourages suppliers from moving to higher functions in a value chain. On the contrary, this study demonstrates that firms that are in a 'cooperative network' cluster show a higher tendency to achieve all types of technological upgrading compared to the firms that do not interact with MNCs. This paper is structured as follows. The next section discusses the previous literature and the theoretical rationale behind our empirical investigation. Subsequently, the context of manufacturing sectors in Thailand is briefly introduced, followed by a discussion of the features of datasets, variables, and empirical strategies. Next, we present and interpret the empirical findings derived from a latent class analysis and logit regressions. This paper concludes by discussing the implications of these findings for studies of technological change in developing countries, as well as for the GPN literature.
Literature Review
Two long-established strands of research suggest that the process of technological change considerably differs between developed and developing countries [8, 9] . On the one hand, scholars of catching-up focus on the internal learning mechanisms employed by latecomer firms, discussing the developmental states' roles in fostering such firm-level efforts [10, 11] . On the other hand, the GPN scholars depict the process of international knowledge transfer, which is grounded on a particular structure of globally dispersed networks [12] . However, all of these studies highlight the strategic intent of developing country firms as a key factor driving technological upgrading in its own right.
First, the catching-up literature shows that the distinction between innovation and diffusion is often blurred in the context of developing countries due to the importance of incremental innovations that take place during the phase of diffusion [13] . The "old" neoclassical economic literature tends to view innovation as something that occurs at the technological frontier, while conceiving of diffusion as a passive adoption of machineries that embodies ready-made technology [14] . However, diffusion is not an automated process but requires conscious innovative activities to make effective use of existing technologies. Such learning efforts involve incremental improvement in product design and quality, continuous modifications to the ways products are made, and technological strategies to adapt production to local circumstances, all of which should be considered an intrinsic part of a broader sense of innovation. In this sense, Kim [15] , drawing from an analysis of Korean electronics firms, illustrates the so-called imitation-to-innovation sequence, wherein developing country firms gradually develop their innovative capabilities through imitating first-world technologies. In light of this argument, it seems clear that adopting a narrow definition that equates innovation with breakthrough inventions can be quite misleading by overlooking the contribution of a learning-by-imitation process to the innovative competitiveness of developing countries.
Second, the GPN literature shows that technological upgrading in a developing country is to a large extent driven by strategic coupling with MNCs. Contrary to the Western high-tech regions such as Silicon Valley in California, latecomer economies typically lack endogenous assets that facilitate the nurturing of innovative capabilities, for example, favorable institutional set-up, entrepreneurial business cultures, or highly-educated labor forces [16] . In the absence of such self-contained regional assets, local capability formation is significantly connected to the extent of knowledge diffusion transferred via extra-local interfirm networks. At the same time, there is a growing need for MNCs to adapt production in conjunction with specific local conditions due to: (a) the increasing technical complexities of production; (b) the rapid pace of technical change in the industry (c) and the host countries' incentives that requires global firms' contribution to local capability formation [17, 18] . For these reasons, MNCs have been increasingly spurred to engage in knowledge transfer or even joint R&D along the value chains, such that local suppliers are provided opportunities to get access to international knowledge flows. Of course, the ways that international R&D is coordinated are not all the same. Recent studies, drawing from a perspective of risk management, reconsiders the emergence of different forms of chain governance as reflecting the global lead firms' perceived risk of production disruptions [19] [20] [21] . This literature suggests that MNCs may organize different types of supply chain networks as a risk-sharing strategy that helps them to cope with the downstream risks arising from suppliers' performance failures [22] . Where the odds of supplier failure in processes of orders and production are thought to be high, it is likely that global lead firms organize their supply chain networks in hierarchical ways. On the contrary, global buyers are more likely to cooperate with suppliers in a more reciprocal, interdependent relationship when the perceived risk is thought to be low [23] .
Combining these streams of research, there has been a limited, but suggestive body of studies that provide plausible explanations for how the opportunities of supplier upgrading are conditioned by the relational structures in which local producers interact with global buyers [24] . Most prominently, Ernst and Kim [25] pioneered the idea of theorizing local supplier upgrading in relation to the strategic coupling with the requirements of GPNs. They argue that the process of knowledge diffusion in a GPN is spurred by concerted efforts of network flagships and local suppliers, which involves various knowledge conversion activities required for suppliers to internalize transferred knowledge into their own capabilities. During this process, global lead firms often invite engineers working for supplying firms to their training program or even send their own technicians to local production facilities to solve on-site problems. Simultaneously, local suppliers strive to exploit as much of the knowledge transfers from MNCs as possible via internal R&D efforts, training programs, and the development of external knowledge links with various local actors (e.g., local competitors, universities, governments, associational organizations).
However, local capability formation through GPNs often comes at a cost. Humphrey and Schmitz [26] suggest that the process whereby local manufacturers learn from connections with global buyers should be conceived as a political process wherein actors bargain over the terms on which production is organized. This bargaining process, which is sometimes called "strategic coupling" [27] , typically generates an unequal distribution of power, which, in turn, limits the learning opportunities of local suppliers. Where global buyers strictly specify the characteristics of products to be produced, suppliers' products are more likely to be delivered solely for the customer's needs. Plausibly, this situation can limit the local supplier's autonomy in production-related decisions. The authors further observed that insertion in quasi-hierarchical relationships with global lead firms, characterized by the asymmetry of power in favor of global lead firms, may lock participating suppliers into low-value adding activities (i.e., assembling imported parts). This quasi-hierarchical type of value chain governance may limit the opportunities for local suppliers to develop their own design, marketing, and branding capabilities. These are essential competencies for handling the entire working process for supplier firms themselves, but also could be seen as an invasion of a global lead firm's territory.
Based on the above discussion, it seems reasonable to assume that variation in buyer-supplier network structures is systematically related to different learning opportunities for supplier upgrading within production networks. We thus hypothesize that the effect of insertion in GPNs on participating suppliers' technological upgrading is contingent upon the modes of buyer-supplier relationships as well as the types of technological upgrading. The more hierarchical the types of buyer-supplier networks, the smaller the opportunities for radical types of technological upgrading, such as the development of new product lines or brands that allow suppliers to acquire new functions in a value chain. On the contrary, more incremental types of technological upgrading-e.g., modifications to production processes-would basically depend on the intensity of knowledge transfers in networks wherein the suppliers are embedded, regardless of whether the type of networks is hierarchical or cooperative. In the following sections, the hypotheses above will be operationalized and put to the empirical test on the basis of firm-level data in Thailand's manufacturing sectors.
Methods

Study Context
The case of the manufacturing sector in Thailand stands out as an interesting setting for asking questions about how local supplier upgrading relates to the network structures wherein indigenous manufacturers interact with global lead firms. Over the past few decades, the stages of industrialization in Thailand have been driven by a massive amount of foreign direct investment (FDI). At its initial stage, MNCs focused on producing labor-intensive consumer goods in an attempt to exploit labor cost advantages as well as a large domestic demand in Thailand. Yet since the mid-1970s, MNCs began to invest heavily in export-oriented products that can be sold in world markets, which, in turn, induces backward linkages with local downstream producers. As a consequence, Thailand has become one of the largest production sites of the electronics and automobile industries [28] . In 2013, the annual amount of FDI accounts for approximately 4 percent of Thailand's GDP [29] .
Of course, a large share of inward FDI in GDP does not necessarily guarantee its contribution to local capability formation. Although the importance of export-oriented manufacturing as a driver of Thailand's growth has been acknowledged, the evidence linking insertion into GPNs to local upgrading opportunities is mixed. On one hand, the Thailand MNC suppliers have appeared to obtain processing capabilities through apprenticing with, or direct transfer from, global buyers [30] . However, findings also show that international knowledge transfer has been confined to process technology and minor product design adaptations, and that suppliers working for global buyers have generally failed to move to a more active role of selling complete products with their own brands. Consequently, despite significant progress in the productive sphere, a majority of local suppliers still lack the design and marketing skills needed to acquire higher functions within value chains [31] . This, in turn, raises a critical question that will be addressed in this article-why have a large portion of MNC suppliers in Thailand, but not all, failed to break out of the technological lock-in situation in a value chain?
Data
Our analysis is based on firm-level data from the Productivity and Investment Climate Survey (PICS), conducted by the World Bank and the Thailand Government. The PICS provides two important analytical advantages. First, following the Oslo Manual [32] , its questionnaire addresses a broad range of innovative activities, ranging from introducing minor process improvements to developing major new product lines. Second, unlike most innovation surveys-e.g., the Community Innovation Survey by Eurostat-which sample on the dependent variable and thus omit non-innovating firms, the PICS collects a nationally representative sample of registered industrial firms, no matter whether or not they report innovative outcomes. Finally, the PICS includes detailed information on the nature of relationships between global retailer firms and local supplier firms. Taken as a whole, this rare representative sample of Thailand manufacturers is uniquely suited to the analysis of local supplier upgrading in the context of GPNs. To increase the number of cases, we pooled the two waves of PICS samples collected in 2004 and 2007. These two datasets are compatible to each other in that they were collected with the same questionnaire and sampling techniques. Service industry firms were excluded as we wished to focus on local manufacturers working for global lead firms. The final full sample for all analyses, as a consequence, was 2128.
Variables
Taking a global view, Hobday [33] describes technological upgrading in East Asian firms as a process of acquiring more sophisticated, higher income activities within value chains, moving from original equipment manufacturer (OEM) to original design manufacturer (ODM) and original brand manufacturer (OBM). Consistent with this perspective, Humphrey and Schmitz [7] identify three types of technological upgrading considered in the literature-process, product, and brand upgrading. OEM suppliers are required to achieve continuous improvement in both product design and process technology, which allow them to meet global buyers' demanding standards cost-effectively. However, moving into higher value-added functions requires firms to develop their own product lines and brands. To capture these stages, we employ a set of PICS survey items representing whether a firm introduced a new technology that has substantially changed the way the main product is produced (Process), upgraded an existing product line (Minor Product), or developed a major new product line (Major Product) in the last two years. In addition, we include a measure of brand upgrading that specifies whether a firm has its own brand (Brand).
Four measures are employed to capture the heterogeneity of network structures formed by global buyers and local suppliers. The former two measures refer to the extent to which supplier firms are committed to R&D collaboration with MNCs. Respondents were asked (0 = no or 1 = yes) whether their buyers (a) engage them in process or product R&D type of activities (MNC R&D); or (b) send employees to disseminate and diffuse new technologies into supplier firms' production facility (Send). On the other hand, the latter two describe the ways through which MNCs control supplier firms to ensure that products meet the required quality standards; Respondents indicated (c) the percentage of sales made exclusively to suit their buyers' specifications (Specification); and (d) whether their buyers enforce certain product quality standards to be attained (Standards; 0 = no or 1 = yes).
To correct for potentially confounding effects, our analysis controls for several firm-level characteristics known to be correlated with technological upgrading [34] . The PICS datasets collect a series of questions that address each firm's efforts for technological learning. This set of variables includes whether (a) the firm has employed staff exclusively for design/performing innovation/R&D (Internal R&D); and (b) has conducted on-the-job training (OJT) in the past two years. To capture the impact of inter-organizational links on technological upgrading, we include dummy variables indicating whether the firm has subcontracted R&D projects to other firms or organizations (External R&D), exports any part of its output in the past year (Export), and is a member of a business association or chamber of commerce (Associational). The PICS also asked respondents to specify the percentage of college-graduated employees (%College), the percentage of annual profits reinvested last year (%Reinvestment), and whether their firms have received any ISO (International Organization for Standardization) certification (ISO), all of which is believed to represent each firm's technological capabilities. Finally, we control for the year of survey (Year; 0 = 2004 or 1 = 2007), firm age (Age; calculated by subtracting the year of firm establishment from the year of survey), and the natural logarithm of the number of full-time employees (Size).
Statistical Methods
Instead of simply analyzing the effect of being an MNC supplier, this study focuses on how different modes of value chain governance affect the paths of technological upgrading on the part of local suppliers.
To this aim, we employ a latent class analysis (LCA) technique to empirically recognize different modes of relationships wherein supplier firms interact with their global buyers. These analyses are conducted using the maximum likelihood estimator that is available in the Mplus software, Version 7.2. Simply put, the purpose of LCA technique is to determine the unobserved "latent" cluster membership, which can be statistically inferred from the observed "manifest" response patterns. In the case that we have four manifest indicators (A, B, C, and D) , a classical LCA model can be expressed as:
where π X t represents the odds of being clustered into latent class t = 1, 2, ..., T of latent indicator X; π A|X it represents conditional probability of observing the ith response to indicator A; π represents the corresponding probabilities for indicators B, C, D, respectively [35] . Typically, a process of obtaining the best-fitting solution begins by assessing the baseline model with a single cluster solution, which serves as a null model (H 0 ). Then, the LCA estimation is reiterated by increasing the number of latent classes incrementally until the best-fitting cluster solution is obtained.
From an analytical perspective, LCA has several key advantages. First, unlike traditional cluster analysis, LCA is a model-based empirical approach that estimates individual firms' probabilities of being involved in each latent class on the basis of observed response patterns [36] . Second, while standard cluster analysis relies upon the assumption that clustering variables are normally distributed, LCA is not based on the normality assumption and thus permits ordinal or nominal variables to be analyzed. Finally, LCA provides a set of goodness-of-fit indices, which helps us to decide on the optimal numbers of latent classes that fit the data best [37] . The most common approach is to utilize the Bayesian Information Criterion (BIC), which can be defined as:
where LL denotes the log-likelihood; M denotes the number of parameters; N denotes the sample size [35] . An empirical model with a lower score of BIC is considered to provide a better fit to the data, and is thus preferred over a model with a higher score of BIC. This measure is useful in comparing models with varying numbers of latent clusters. Compared to the chi-squared statistic that cannot be computed in cases involving sparse data, the BIC statistic provides a more flexible and probabilistic alternative.
Having identified the existing modes of value chain governance in the manufacturing sector in Thailand, we go further to analyze which of the modes of buyer-supplier relationships are associated with which aspects of technological upgrading of local suppliers. Since the outcome variables are binary, we need to model the conditional probabilities of achieving technological change Pr (Y = 1 |X = x ) as a function of explanatory variables. As is well known, logistic regression methods are the most suitable for this case. Thus, we use a logit regression approach where the dependent variable is assigned a value of 1 if a firm has achieved each type of technological upgrading in the last two years. Yet as our firm-level data is categorized by both region and industry, it is very likely that the independence assumption of observations is violated within region as well as within industry. The failure to adequately correct for within-cluster autocorrelation may bias standard errors downward, or even produce biased coefficients. To address this statistical issue, we cluster standard errors in all model specifications on both industry (12 categories) and region (7 categories) [38] . Table 1 shows the results of LCA with different numbers of clusters. In conducting this phase of the analysis, we limited our sample to MNC supplier firms with a question "Is your firm a supplier to a multi-national corporation?" Four PICS measures representing the nature of dyadic relationships between supplier firms and global buyers (MNC R&D, Send, Specification, Standards) were entered as clustering variables. Determining the optimal number of latent clusters, we compared LCA results with varying numbers of clusters. The BIC statistic shows that a model with five latent clusters yields the lowest BIC and thus could be interpreted as the best fitting solution [37] . Table 2 shows descriptive statistics for each of the latent clusters. The first cluster incorporates 235 local suppliers that are heavily engaged in R&D cooperation with MNCs, but do not follow product specifications provided by their customer. This condition allows suppliers to exercise a high level of autonomy in production-related decisions insofar as the outcomes meet the standards that buyers require. We labelled this cluster as the 'cooperative network' in that this mode of value chain governance may foster intensive knowledge exchanges without limiting participating firms' technological initiatives. In contrast, the second cluster consists of suppliers that do not benefit from knowledge transfer and are controlled by tight specifications for the customers. This type of value chain governance does not leave room for knowledge transfer to occur, and is thus labeled as the 'buyer-driven manufacturing'. The third cluster depicts a situation where participating MNCs neither transfer technological knowledge to, nor enforce quality control mechanisms on local manufacturers. This mode of value chain governance is labeled as the 'market transaction'. The fourth cluster consists of MNC suppliers that are deeply embedded in knowledge transfer processes, but are also heavily dependent on the product designs supplied by customers for the bulk of their sales. In this governance mode, the process of OEM production appears to be strictly controlled by MNCs, given the fact that a majority of global retailer firms sends their own technicians to the production facilities owned by local supplier firms. We call this cluster the 'quasi-hierarchical manufacturing'. Finally, the firms belonging to the final cluster seem to get involved in knowledge transfer with a moderate level of autonomy in production-related decisions and go through a period of transition. This cluster is labeled as the 'transition period'. 
Empirical Results
Results of Latent Class Analysis
Results of Logistic Regressions
Under what conditions does integration into GPNs contribute to local supplier upgrading? To answer the primary question of this paper, we estimated two different model specifications for each of the technological upgrading variables. The first set of logit regressions reported in Table 3 includes a dummy variable for MNC suppliers without taking into account the different modes of value chain governance. Results show that being an MNC supplier is significantly and positively related to each type of technological upgrading outcomes except for the case of brand upgrading. Controlling for compositional differences in technological profiles, MNC suppliers are more likely to upgrade both product design and production processes compared with their non-supplier counterparts. By contrast, there is no indication in the results that being an MNC supplier is related to the development of a firm's brands.
In the second set of logit regressions in Table 3 , we replicated the prior model specifications but included a set of dummy variables for different network modes in place of the MNC supplier dummy. Our findings reiterate the importance of being inserted into GPNs in fostering efficiency-enhancing types of technological upgrading (i.e., process and minor product upgrading), although the effect size varies considerably across network modes. With regards to minor product and process upgrading, MNC suppliers assigned for each of the clusters generally report better innovative outcomes than firms that do not interact with MNCs. On the contrary, the process of acquiring higher value activities, which generally involves the development of new product lines or brands, appears to be achieved mostly in the network modes that allow a high degree of autonomy. The involvement in either buyer-driven or quasi-hierarchical manufacturing is not associated with major product upgrading. More interestingly, being inserted into these two types of value chain governance is significantly associated with a lower tendency of brand upgrading. However, the 
In the second set of logit regressions in Table 3 , we replicated the prior model specifications but included a set of dummy variables for different network modes in place of the MNC supplier dummy. Our findings reiterate the importance of being inserted into GPNs in fostering efficiency-enhancing types of technological upgrading (i.e., process and minor product upgrading), although the effect size varies considerably across network modes. With regards to minor product and process upgrading, MNC suppliers assigned for each of the clusters generally report better innovative outcomes than firms that do not interact with MNCs. On the contrary, the process of acquiring higher value activities, which generally involves the development of new product lines or brands, appears to be achieved mostly in the network modes that allow a high degree of autonomy. The involvement in either buyer-driven or quasi-hierarchical manufacturing is not associated with major product upgrading. More interestingly, being inserted into these two types of value chain governance is significantly associated with a lower tendency of brand upgrading. However, the involvement in value chain governance that allows suppliers greater autonomy in production-related decisions-i.e., collaborative networks or market transaction-is found to be significant in explaining both major product upgrading and brand upgrading. Aside from the key explanatory variables, we found that internal R&D is a statistically significant predictor of both process and major product upgrading, whilst its effects on minor product or brand upgrading are not significant. Results also suggest that the effects of OJT are consistently associated with a significantly increased tendency of product and process upgrading. Regarding the effects of localized networks in which firms are embedded, we found external R&D activities to be positively related to product and brand upgrading, while associational activities are significantly related to both types of product upgrading. Finally, it was found that the effects of local firms' technological competencies are less consistent. Although having ISO certification is significantly and positively related to product and process upgrading, the percentage of college-educated employees only has a significant correlation with brand upgrading. We also found that the fraction of annual profits reinvested, which is assumed to represent firms' investment capabilities, is not significantly associated with any types of technological upgrading.
Discussion and Conclusions
A question fundamental to the sustainability of global chain governance is whether local manufacturers operating in value chains can realize the potential to move into higher value activities. The answer to this question is not straightforward and, as illustrated in this article, requires a sophisticated understanding of the inherent relationality in buyer-supplier networks. Although the impacts of insertion into GPNs on local supplier upgrading have been acknowledged, studies have yet to fully incorporate the configurations of heterogeneous buyer-supplier relationships within GPNs into empirical testing. To address this gap, this study provides a more nuanced view that understands international knowledge transfer fundamentally as a relational process in which power relations between MNCs and local manufacturers are intertwined with different stages of technological change. The major findings obtained from our analyses are discussed as follows.
First, local manufacturers in Thailand are incorporated into GPNs in different ways. Our results suggest that the way GPNs are governed is neither purely hierarchical nor cooperative but has considerable variation that is not fully attributable to the industrial composition of firms. In a departure from previous studies that have relied upon an arbitrary grouping of buyer-supplier relationships [39] , we used a recent technique of LCA to identify five latent clusters of local suppliers with qualitatively distinct patterns of relationships with their global buyers. In this way, our investigation broadens the empirical base for understanding the conditions in which developing country manufacturers operate in this era of globalization. Based on these findings, we argue that the effects of being inserted into GPNs should be discussed in relation to the features of network structures in which local firms are embedded.
Second, the effects of insertion into GPNs do not operate in the same way in different types of technological upgrading. Most notably, we found that the opportunities for acquiring higher value activities appear to be suppressed in the settings where MNCs exerts a high level of control over the process of production and strictly specify product design and process parameters. However, it is also found that efficiency-enhancing types of technological upgrading-i.e., process and minor product upgrading-appear to be fostered by being inserted in GPNs irrespective of the types of buyer-supplier relationships. On one hand, these findings are consistent with Humphrey and Schmitz's [7] observation of Brazilian manufacturers working for MNCs, which conclude that 'insertion in a quasi-hierarchical chain offers very favorable conditions for fast process and product upgrading but hinders functional upgrading'. On the other hand, our findings run counter on Gereffi [40] who argues that participation in global value chains generally leads to 'organizational succession' through which participating suppliers move from simple assembly roles of imported parts to more sophisticated roles of ODM and OBM production.
Obviously, our conclusions cannot be automatically generalized to other countries without taking into account cross-national differences in the institutional contexts that may influence the manner by which value chain governance impacts technological upgrading. For decades, Japanese MNCs-e.g., Toyota and Honda-have had enormous effects on the development of manufacturing sectors in Thailand. Cross-cultural studies of organizational culture have often described Japanese MNCs as being embedded within tightly integrated intra-firm systems [41] . Studies also suggest that Japanese MNCs' national inward orientation contributes to maintaining a high level of organizational coherence, but may also discourage firms from developing reciprocal relationships with diverse local institutions and effectively tapping into the local knowledge base [42] . Given these organizational contexts, it can be plausibly argued that Japan's ethnocentric centralized R&D mode has played a significant role in patterning the structural characteristics of buyer-supplier relationships in Thailand. Of course, our investigation was not structured in a way that enables us to detect the effects of institutional contexts in which firms operate. For our research purposes here, it is sufficient to note that the findings should be interpreted in relation to Thailand's specific historical and institutional contexts.
Besides the contributions of this study, we recognize several limitations from which directions for future research emerge. First, the data we employed to test the hypothesized relationships were collected between 2004 and 2007, which correspond to the pre-financial crisis period. Efforts to replicate our findings based on more recent data sets may provide stronger policy implications. Second, although the impacts of different modes of organizing global value chains on local supplier upgrading have been examined in the current study, our investigation does not tell us about the determinants of value chain governance. In particular, the management literature suggests that it is the focal firms' perception of the risk of supplier performance failure that impacts the ways that the value chain is governed [22, 23] . In this sense, an investigation that is designed from the perspective of global focal firms may help us to complete the picture of the dynamics of global chain governance. The results presented here have broader policy implications for industrial upgrading in the context of developing countries. Over the last few decades, latecomer economies in the Southeast Asian region have strived to integrate their manufacturing sectors into GPNs in the hope that it will stimulate international knowledge flows. However, our findings suggest that integration into GPNs is not the same as local technological upgrading. At the early stage of industrial upgrading, insertion into GPNs could be an effective strategy to promote fast technological catching-up in the sphere of production. But as suppliers acquire the abilities to handle the entire working process, asymmetry in power and control between global and local actors may operate as a barrier to the development of local competitiveness in the sphere of design, marketing, and branding, which are typically considered the core competencies of global lead firms. Related to this argument, recent studies observed that knowledge transfers flowing from interaction with MNCs tend to be confined to the sphere of production, mostly localizing efforts of innovation outcomes produced in first-world economies [43] . Thus, to ensure the sustainability of industrial strategies through participation in GPNs, developing countries should focus on how to avoid being locked into quasi-hierarchical value chain governance and translate 'organizational succession' into reality.
